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Abstract 

Background: \n Pakistan, like many Asian countries, a large proportion of healthcare is provided through the private sector. 
We evaluated a systematic screening strategy to identify people with tuberculosis in private facilities in Karachi and assessed 
the approaches' ability to diagnose patients earlier In their disease progression. 

Methods and Findings: Lay workers at 89 private clinics and a large hospital outpatient department screened all attendees 
for tuberculosis using a mobile phone-based questionnaire during one year. The number needed to screen to detect a case 
of tuberculosis was calculated. To evaluate early diagnosis, we tested for differences In cough duration and smear grading 
by screening facility. 529,447 people were screened, 1,010 smear-positive tuberculosis cases were detected and 942 (93.3%) 
started treatment, representing 58.7% of all smear-positive cases notified in the Intervention area. The number needed to 
screen to detect a smear-posltlve case was 124 (prevalence 806/100,000) at the hospital and 763 (prevalence 131/100,000) 
at the clinics; however, ten times the number of individuals were screened in clinics. People with smear-posltlve TB detected 
at the hospital were less likely to report cough lasting 2-3 weeks (RR 0.66 95%CI [0.49-0.90]) and more likely to report 
cough duration >3 weeks (RR 1.10 95%CI [1.03-1.18]). Smear-positive cases at the clinics were less likely to have a -1-3 grade 
(RR 0.76 95%CI [0.63-0.92]) and more likely to have +^ smear grade (RR 1.24 95%CI [1.02-1.51]). 

Conclusions: Tuberculosis screening at private facilities is acceptable and can yield large numbers of previously 
undiagnosed cases. Screening at general practitioner clinics may find cases earlier than at hospitals although more people 
must be screened to Identify a case of tuberculosis. Limitations include lack of culture testing, therefore underestimating 
true TB prevalence. Using more sensitive and specific screening and diagnostic tests such as chest x-ray and Xpert IVITB/RIF 
may improve results. 
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introduction 

While considerable progress in detection and notification of 
tuberculosis (TB) was seen in the 1 990s and the early part of the 
last decade, the number of people diagnosed and notified with TB 
has stalled, and three million people every year are not identified 
and treated by National TB Programmes (NTP) [1]. Of the 
milhons of people who are estimated to go without a proper 
diagnosis and treatment each year globally, many do not have 
good access to services [2], are not identified when they do access 
care [3] , or remain undetected even after being tested for TB due 
to insensitive diagnostics [4] and/or improper methods [5]. In 
many Asian settings, a large proportion of people with TB are 
detected and treated by private providers, and unless their chents 
are linked to quality diagnosis and treatment, case notification is 
absent and suboptimal outcomes may occur [6]. In 2006 the 
World Health Organization (WHO) adopted the Stop TB Strategy 
which recognized the importance of engaging aU care providers 
[7]; some impressive achievements in case detection have been 



made using this approach [1,8]. In Pakistan, even though the NTP 
reports very high treatment success among cohorts of TB patients, 
many people with TB symptoms and disease still attend private 
clinics for diagnosis and treatment and are thus missed by the 
singular focus on public facilities and centers operated by non- 
governmental organizations [9]. For the patient visiting private 
facilities, this can mean higher costs of treatment and sub-optimal 
care, outside of NTP purview [10]. 

While there are clearly many people with TB who access private 
care, little is known about what screening approaches may yield 
more cases in the private sector, or how to find them earlier in the 
course of their disease. Historically, approaches to engaging the 
private sector have relied on training and sensitizing private 
providers and asking referral from patients identified in their 
routine practice, similar to passive case finding approaches in the 
public sector [11,12]. Increasingly however, attention is being 
given to active case finding approaches to improve both case 
notifications and the earlier detection of those cases [13-15]. 
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The number of people needed to screen (NNS) provides a basic 
indicator of the efEciency of an intervention and a measure of 
potential to improve case notification in a given population. A 
systematic review of the NNS to detect an active case of TB found 
large variation across a few published papers on screening in 
general outpatient settings from high burden countries, and found 
no data on screening in private facilities [16]. While indiscriminate 
mass screening in low burden settings has been documented and 
determined to be ineflFerti\c [17,18], there have been only two 
studies comparing systematic scrcc'ning in hospitals and primary 
care facilities, both of which were carried out in public facilities in 
India over short periods of time [19,20]. To measure early case 
detection, evaluating smear grading is a useful approach when 
using microscopy as the diagnostic test [21]. However there have 
been no publications documenting the differences in early case 
detection between primary, secondary or tertiar\' care facilities, 
nor any looking at both early and increased detection in the 
private sector. 

The objectives of this study were to assess the effectiveness of 
systematic screening for TB in different types of private facilities in 
Karachi, Pakistan; to describe the characteristics of people with 
symptoms of TB and confirmed cases of TB and how they differ 
by the place of care seeking; and to evaluate the opportunities for 
early case detection across the facilities. 

Methods 

We retrospectively assessed the yields of screening for TB 
symptoms and risk factors at private healthcare facilities in 
Karachi, Pakistan. The intervention was implemented in two 
towns over a one year period (January 1 to December 31, 2012). 
Screening of aU outpatients was implemented at 44 general 
practitioner (GP) cfinics and the outpatient department (OPD) of 
one large reference hospital in Korangi town, and in another 45 
GP clinics in the adjacent town of Landhi. The clinics were 
selected to increase the numbers of clients reached rather than 
obtain a random sample of all GP clinics in the area. We tried to 
select high volume clinics (more than 50 cUents per day). Not all 
GP clinics were open for the entire study period, as some sites 
closed and others opened during the study duration. The total 
estimated population in the two towns was 2.13 million in 2011. 

All GPs were registered medical practitioners who generally 
worked alone in small private clinics with a single room waiting 
area. GPs generally charged between 5-150 Pakistani Rupees 
(0.05-1.77 USD) for a consultation fee. Screeners, trained 
community lay workers, were paid a basic monthly stipend and 
those at GP clinics received a series of cash incentives for: 
completing a daily screening report, collecting good quality 
sputum samples, identifying a sputum smear positive (SS+) case, 
and identifying a smear negative pulmonary TB case. Screeners at 
the OPD were paid a fixed monthly salary. Most clinics were open 
no less than 12 hours a day; screeners worked at least one eight 
hour shift per day but some worked longer. 

Screening methods 

The screening procedures for all clinics and the OPD were 
identical. Screeners worked in the waiting area of the sites and 
approached all patients and their attendants. They administered a 
quick screen through a mobile phone application to identify 
people for further diagnostic testing. Anyone with a cough of 3 
weeks or more in duration (or 2-3 weeks of productive cough), a 
previous history of tuberculosis, or a family member currentiy 
diagnosed with the disease was suspected to have tuberculosis. 
Verbal consent was requested; further personal details were 



obtained and then the individuals were asked to submit two 
sputum samples for smear microscopy. A spot sample was 
requested from all suspects after the screening questionnaire was 
completed. In addition, a second sputum container was provided 
so suspects would return with a morning specimen the following 
day as per NTP guidelines. Scrc-cncrs received a small incentive for 
each sputum sample submitted, ensuring they would follow up on 
individuals who had yet to submit two samples. Project monitors 
visited the GP clinics each night to transport sputum samples to 
the laboratory where they were examined the following morning. 
In addition, the attending physician could designate an individual 
as someone with suspected extra pulmonary TB which would also 
be captured on the mobile phone form. Among people identified 
for further testing, the screener then captured information on 
other TB compatible symptoms including haemoptysis, fever, 
weight loss and night sweats. 

Diagnostic procedures 

All people identified for smear microscopy, including those who 
could not produce sputum, were requested to present to the 
hospital OPD or mobile unit for a free chest x-ray (CXR). AU 
CXRs were read by trained radiologists and graded as suggestive 
of TB, suspicious of TB, other abnormality or normal. 

Two specimens collected at GP clinics and the hospital OPD 
(spot and morning) were transported daily by study personnel for 
testing according to NTP guidelines at the Indus Hospital 
laboratory. The laboratory is accredited by the Pakistan National 
Reference Laboratory through routine external quality assurance 
reporting. Sputum quality was assessed by the laboratory 
personnel and specimens which consisted of mostiy saliva or were 
of insufficient volume were not accepted. As per the NTP 
guidehnes for TB diagnosis, any person with at least one positive 
smear result (inclusive of scanty readings) was considered SS+ and 
eligible for treatment. If multiple slides had difiFerent results, the 
highest smear grading was used for classification. Treatment was 
provided free of charge with NTP provided drugs. Although 
children were screened, we only included those 10 years or older 
in our analysis, as many younger children have a difficult time 
producing quality sputum samples. 

Data collection and analysis 

AU data were coUected using a custom-buUt software loaded 
onto GPRS enabled, Java platform mobile phones and were 
securely transmitted to a mySQL database over a mobile network. 
De-identified data were abstracted from the project database and 
analyzed using Stata/IC version 1 1 . The number needed to screen 
(NNS) to find a smear-positive and aU forms TB case and the yield 
of microscopy were calculated for each quarter and stratified by 
different intervention sites. We also tested for differences in smear 
grading by gender and screening facility. We tested associations for 
significance using Pearson chi-square two-tailed test, and calcu- 
lated risk ratios (RR). This study was reviewed and approved by 
the institutional review board at Interactive Research and 
Development. Informed consent was taken verbaUy from aU 
individuals who had suspected TB and was documented when the 
screener signed and dated the consent forms. Verbal consent was 
administered to adults and to parent/legal guardians of children. 
Written consent was not obtained because a large proportion of 
the target population is Uliterate or semiUterate and requiring 
individuals to sign a document they are unable to fuUy understand 
has the potential to raise unnecessary fear and suspicion. The IRD 
institutional review board approved this consent procedure for 
adults and children. 
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Results 

During the study period, 541,366 people attended the screening 
sites and 529,447 (97.8%) individuals were verbally screened 
across all intervention sites (Table 1). Screening at GP clinics 
accounted for 482.498 (91.1%) of all indi\'iduals screened while 
screening at the hospital OPD accountc-d for the remaining 46,949 
(8.9%). Verbal screening yic4ded 16,908 (3.2'/o) individuals with 
suspected TB, of whom 13,366 (79%) were identified at GP clinics 
and 3,542 (2 1 %) at the hospital OPD. TB was suspected (screened 
positive) in 7.5"/!) of people screened at the hospital OPD and 2.?>"/a 
at the GP clinics. Of those who screened positive, 11,069 (65.5%) 
individuals submitted sputum for testing and 1,010 (9.1%) of them 
had SS+ TB. In addition to the 1,010 SS+ patients, 857 people 
were diagnosed with other forms of TB after chest X-ray and 
clinical evaluation, including 223 individuals with extrapulmonary 
TB, and 634 with sputum smear negative TB. Sample collection 
rates differed between screening sites (81.7% in the hospital OPD 
vs. 61.2% in the clinics. The overall NNS to find a person with 
SS+ TB was 524. However, when disaggregated by intervention 
sites, the NNS was 763 at GP clinics and 124 at the hospital OPD 
(Table 1). The NNS to find a patient with all forms TB was 284, 
with large dififerences between GP clinics and the hospital OPD 
(383 vs 77). There were large quarterly variations in both faciUty 
types in the NNS for SS+ TB (range 634-1,005 for clinics and 88- 
176 for the hospital OPD) as weU as aU forms TB (range 287-582 
for clinics and 58-106 for the hospital OPD). The lowest NNS 
recorded at the hospital OPD was in the- fourth quarter, while the 
lowest SS+ NNS at GP clinics was reported in the second quarter. 
Of the 1,010 SS+ cases identified, 942 (93.3%) initiated treatment; 
while from the number of all forms of TB cases, 1,765 (94.5%) of 
the patients diagnosed were started on treatment. Thirty four 
(33.3%) of the 102 patients with all forms of TB who did not start 
treatment were identified at the hospital OPD. 

Patients without history of anti-tuberculosis therapy 

Among people with no history of anti-tuberculosis therapy 
(ATT) who were tested, 53.7'M) (n = 5,097) were male, and there 
was no difference in gender between the sites (Table 2). Among 
those tested, the most common symptoms reported at the hospital 
OPD and GP clinics other than cough were fever (84.5% and 
91.5% p<0.001) respectively, and weight loss (83.8% and 81.2% 
p = 0.006). TB suspects identified at the hospital OPD who 
submitted sputum were significantiy more likely to have longer 
cough duration (>3 weeks), haemoptysis, weight loss, and contact 
with a family member having TB, while people identified at GP 
clinics were more likely to have fever or night sweats. However, 
none of the differences in prevalence of symptoms were significant 
when they were compared among SS+ cases except fever, which 
was more prevalent among GP attendees (96.9'/'o vs 92.0% 
p = 0.001). The SS+ cases found in the hospital OPD were less 
likely to report cough of 2-3 weeks (14.5% vs 21.9% p = 0.008) 
and more likely to report cough duration >3 weeks (85.2% vs 
77.3% p = 0.006). 

At GP clinics, the number of self-reported TB-related symptoms 
per individual was positively correlated with the rates of sputum 
submission and smear-positivity. Only 43% of those identified with 
just a cough submitted sputum and the SS+ yield was 2.2'Va, while 
72.8% of people with cough and four other TB symptoms 
submitted sputum and the SS+ yield was 11.7% (Table 3). At the 
hospital OPD, 54.3% of those screening positive reported cough 
and at least three other symptoms compatible with TB, while this 
proportion in GP clinics was 57.6%. These individuals accounted 



for 65.3% and 69.2% of all SS+ patients identified in the GP 
clinics and Hospital OPD, respectively. 

Patients with history of anti-tuberculosis therapy 

Among people with history of anti-tuberculosis therapy who 
were tested, 49. 1 % (777) were male, and there was no difference in 
gender between the sites (Table 4). Among those tested, the most 
common symptoms reported at the hospital OPD and GP clinics 
other than cough were fever (85.7% and 89.5% p = 0.021) 
respectively, and weight loss (84.7% and 87.4% p = 0.125). TB 
suspects identified at GP clinics were substantially more likely to 
report night sweats (78.3% vs 69.6% p<0.001), or having a TB 
family contact (19.5% vs 12.7% p<0.001). The only significant 
symptom difference that remained was fever among the identified 
SS+ cases, although in the reverse direction (97.0'% in the hospital 
OPD vs 87.6% in GP clinics p = 0.042). Among SS+ cases, a 
significantiy greater proportion of those with ATT history found at 
tiie hospital OPD were 16-25 years old (44.8% vs 29.2% 
p = 0.045). 

Among individuals screening positive at the hospital OPD, 
21.3% (n = 757) had a history of ATT while at the GP chnics the 
proportion was 11.4% (n= 1,522) (Table 3). Sputum submission 
rates were 83.0^0 at the hospital OPD and 62.7% at the GP 
chnics, similar to the rates among those without history of ATT at 
each facility type (81.3% and 61.0% respectively). The yield of 
SS+ cases detected through microscopy among those tested was 
10.7% in the hospital OPD and 9.3'% in GP clinics. At the hospital 
OPD, 59.0% of those with ATT history reported cough and at 
least three other symptoms compatible with TB, while the 
proportion in GP chnics was 67.7%. These people accounted for 
70.1% and 77.5% of all SS-I- patients identified in the facilities, 
respectively. 

Smear Grading 

Table 5 shows the results of the analysis of smear grading for 
this intervention. Among those diagnosed with SS-H TB, those 
identified at GP clinics were more likely to have a +1 smear grade 
than those identified at the hospital OPD (RR 1 .24 [1 .02-1 .5 1]). A 
significantiy smaller proportion of individuals with SS+ TB 
identified at the GP clinics had +3 smear results (27.7%) compared 
to 36.2% at tiie hospital OPD (RR 0.76 [0.63-0.92]). When we 
stratified by ATT history the results were still significant. When 
scanty and +1 grades were combined, GP clinics still had a 
significantiy greater proportion of these smear grades (data not 
shown). 

Discussion 

Systematic TB screening strategies in private sector facilities 
using mHealth interventions implemented by incentivized lay 
individuals can identify large numbers of people with symptoms of 
TB, promote early diagnosis, and successfully link them to 
treatment. We needed to screen fewer people at the hospital 
OPD to find a case of pulmonary TB; however, we found many 
more TB cases and likely found them earlier in their disease 
progression by screening the much larger pool of people who 
regularly seek care in private GP clinics. Our results demonstrate 
the feasibility of using such a screening approach in a high burden 
country with the potential benefit of earlier and increased TB case 
detection. 

Eleven other NTP reporting sites in the towns notified 1,606 
SS+ cases and 4,65 1 all forms cases during the study period; those 
identified and placed on treatment through our private sector 
interventions represented 58.7% of all SS-I- patients in the 
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intervention towns and 37.9% of all forms TB patients. A 
systematic review of the proportion of cases found by active 
screening approaches compared to passive case finding identified 
only a handful of studies. Most of them were done in low burden 
settings, and in all but one (United States of America) the 
screening programme found fewer than 250 cases [21]. In 
contrast, we identified a high proportion of cases in a large 
population while diagnosing more than 1,000 previously unde- 
tected SS+ cases. Although the NNS at the hospital OPD was 
lower than at GP clinics, we screened ten times the number of 
people in GP clinics and identified twice as many patients. 
Symptom and risk factor screening followed by smear microscopy 
in the hospital OPD identified a SS+ prevalence of 0.81% of all 
outpatients and their attendees, though it was only 0.13% at GP 
clinics. However, due to the large numbers screened at GP clinics 
many more cases can be found by involving them in case detection 
initiatives. 

Interestingly, during the last quarter of systematic screening the 
NNS to detect a SS+ patient increased dramatically at GP clinics 
while it dropped at the hospital OPD. We are unsure if this is 
seasonal, or related to sustained efforts of screening patients and 
exhausting the pool of prevalent cases in the population. To 
understand the long term impact of sustained intensive screening 
on TB prevalence and mortality in this type of setting, further 
operational research should be done as modeling suggests that 
significant reductions in TB mortality and incidence might be 
possible using this approach [22]. In published studies in Brazil 
[23], Kenya [24], India [19,20] and Tanzania [25], screening at 
health facilities has generally been of a short duration and with 
much smaller numbers. The study in Tanzania looked at results 
over nine months, but only screened women at hospitals and had 
high rates of HIV, which is not the case in Pakistan. None of the 
aforementioned studies presented screening results over time. 

Our results suggest that screening at GP clinics will reach people 
with TB earlier in their disease course than screening at hospital 
OPDs. We found longer duration of cough at the hospital OPD 
compared to GP clinics. Furthermore, people diagnosed with SS+ 
TB in GP clinics were significantly more likely to be graded +1, 
while those at the hospital OPD were significantly more likely to 
have a +3 grade. A study in Cambodia using smear grading 
showed that active case finding using mobile clinics found cases 
earlier than passively found cases [26]. In South Africa, a study 
found similar results when comparing active case finding to 
identifying cases passively at primary and tertiary care facilities, 
but did not analyze differences between the types of facilities [27]. 
Since a response concerning presence of symptoms was actively 
solicited from all facility attendees in the waiting areas, we are 
unable to compare the benefit of screening to that of a passive 
approach in these facilities. However, given the above results and 
other studies showing that a large proportion of cases are missed 
using passive case finding [3], we believe this intervention would 
have equally impressive results elsewhere. 

The majority of people with suspected TB at both the hospital 
OPD and GP clinics presented with cough and at least three other 
I g TB compatible symptoms. This may reflect delays in patients 
seeking care at any facility until symptoms are quite advanced, as 
some studies have found [28], or it may reflect a lack of provider 
attention to TB symptoms until they become severe [29,30], which 
systematic screening will help to address. Of note, the proportion 
of patients reporting cough and at least 3 other TB compatible 
^ u 5 symptoms at the hospital OPD was similar to the GP clinics 
t £ Q- cc -!! ^ although the yield of smear microscopy was quite diflerent 
between them. 
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While screening large numbers of people can produce 
significant increases in cases detected it can also impact workloads 
for laboratories and treatment support. Programmes undertaking 
large scale screening activities need to keep the impact on other 
areas of work in mind during planning. 

Limitations of the study include the fact that age was not 
recorded among all screened so these analyses likely overestimate 
the true NNS among adults and we could not adjust for age in the 
presentation of results. Additionally, the study did not test any 
people without self-reported TB symptoms nor could we confirm 
smear results with culture or even Xpert, so a complete analysis of 
yields from different screening algorithms and diagnostic was not 
possible and should be ideally be conducted. The selection of GP 
chnics was not randomized as we attempted to capture a large 
number of people seeking care in the private sector by focusing on 
high volume clinics. While not representative of GPs in Karachi, 
we clearly have shown that many people can be brought into the 
national notification system through this type of approach. We 
also have not conducted a proper cost effectiveness analysis for this 
study which is needed for early and increased case finding 
approaches. 

Although symptom screening followed by smear microscopy is 
the standard of diagnostic care in Pakistan, as in almost all high 
burden TB countries, it is not a sensitive approach, and also 
carries the possibility of substantially increasing false positive cases 
when large numbers are tested. Modeling suggests that using a 
more sensitive and specific diagnostic test such as Xpert MTB/ 
RIF win decrease the number of false positive diagnoses [13]. 
There is ample evidence from prevalence sur\'eys that large gains 
in overall yield can be achieved by screening with chest X-rays and 
widening the testing to include asymptomatic people with 
abnormal chest X-rays, and using culture or a more sensitive 
diagnostic test to detect TB [31-33]. In Myanmar, during the 
2009-2010 prevalence survey, only 41% of SS-I- patients were 

References 

1. World Health Organization (2013) Global tuberculosis report 2013. Geneva: 
World Health Organization. Available: http://www.who.int/tb/publications/ 
global_report/en/index.html. Accessed 2013 November 15. 

2. Asrh S, Lrakc B, Anderson R (1998) Why do symptomatic patients delay 
obtaining care tor tuberculosis? Am J Respir Grit Car Med 157: 1244-1248. 

?>. Claassens MM, Jacobs E, Gyster E, Jennings K, James A, et al. (2013) 
t uberculosis cases missed in primary health care facihties: should we redefine 
case finding? Int J Tuberc Lung Dis 7: 608-614. 

4. Gattamanchi A, Davis JL, Pai M, Huang L, Hopewell PC, et al. (2010) Does 
bleach processing increase the accuracy of sputum smear microscopy for 
diagnosing pulmonary tuberculosis? J Clin Microbiol 48: 2433-2439. 

5. Godlin AJ, Javaid M, Qazi F, Khan MS (2012) Novel methodology to assess 
sputum smear microscopy quality in private laboratories. BMC Infect Dis 12: 
331. doi: 10.1186/1471-23,34-12-331. 

6, Uplekar M, Patliania V, Raviglione M (2001) Private practitioners and public 
liealtli; wealc links in tuberculosis control. Lancet 358: 912-916, 

7, Raviglione M, Uplekar .\1 (2006) WHO's new Stop TB .strategy, Lanret 367: 
952-955, 

8, Lonnroth K, Uplekar M, Blanc L (2006) Hard gains through soft contracts - 
productive engagement of private providers in tuberculosis control. Bull World 
Health Organ 84: 876-883. 

9. Khan AJ, Khowaja S, Khan FS, Qazi F, Lotia I, et al. (2012) Engaging die 
private sector to increase tuberculosis case detection: an impact evaluation study. 
Lancet Infect Dis 12: 908. 

10. Pantoja A, Floyd K, Unnikrislinan KP, Jitendra R, Padma MR, et al, (2009) 
Economic evaluation of public-private mix for tuberculosis care and control, 
India, Part 1, Socio-economic profile and costs among tuberculosis patients. 
Int J Tuberc Lung Dis 13: 698-704. 

11. Lonnrodi K, Uplekar M, Arora VK, Juvekar S, Lan NTN, et al. (2004) Public- 
private mix for improved TB control - what makes it work? Bull World Health 
Organ 82: 580-586. 

12. Salim MA, Uplekar M, Daru P, Aung M, Dedercq E, et al. (2006) Turning 
liabilities into resources: informal village doctors and tuberculosis control in 
Bangladesh, Bull World Health Organ 84: 479-484. 

13. World Health Organization (2013) Systematic screening for active tuberculosis — 
principles and recommendations. Geneva: World Health Organization. 



found through symptom screening only, while CXR screening 
identified 99% of all SS-I- cases eventually found [34]. A recent 
prevalence survey in Pakistan showed national level estimates of 
rates of smear positive TB of 219/100,000 [35] while we found 
187/100,000 using a much less sensitive approach. 

In urban Pakistan, systematic screening for TB at private 
facilities using mobile phone software and incentives for commu- 
nity workers is simple, acceptable to clients and providers, and can 
yield large numbers of previously undiagnosed TB cases. 
Screening at GP clinics may find cases earlier than screening in 
hospital OPDs although more testing will need to be done. Testing 
with new diagnostics and the use of more sensitive screening tests 
such as digital radiology may improve results. This approach may 
be used successfully as part of a strategy to improve early and 
increased case detection in Karachi and likely in other settings 
where an unengaged private sector provides a substantial 
proportion of health care. 

Acknowledgments 

Wc ihank the screeners, monitors, and family doctors for their 
conlriliiitions to the success of this intervention, and the staff of Indus 
Ho.spital's TB Control Program, Glinicaf Laboratory Service, and 

Radiology Department. Wc acknowfcdgc the support of the National 
TB Programme of Pakistan and the Provincial Programme of Sindh. We 
acknowfedge the work of Robert Stevens in the monitoring and evafuation 
of the TB REACH project in Karachi. We thank Knut Lonnroth for his 
review and technical comments. We thank Pamefa Scofield for editing and 
proofreading the manuscript. 

Author Contributions 

Conceived and designed the experiments: AJKJC SK FK AJC. Performed 
the experiments: SK AJC RH ER MK ID FK. Anafyzed the data: JC CM 
AJC SK. Contributed reagents/materiafs/anafysis toofs: OH. Wrote the 
paper: JC SK CM AJC. 



Available: http://www.wbo.int/tb/tbscreening7en/index.html. Accessed 2013 
October 30. 

14. Lonnrotii K, Gorbett E, Golub J, Godfrey-Faussett P, Uplekar M, et al. (2013) 
Systematic screening for active tuberculosis: rationale, definitions and key 
considerations, Int J Tuberc Lung Dis 17: 289-298, 

15. Uplekar M, CreswcU J, Ottmani S-E, Weil D, Sahu S, et al. (2013) 
Programmatic approaclres to screening for active tuberculosis. Int J Tuberc 
Lung Dis 17: 1248-1256, 

16. Shapiro A, Cliakravorty R, (jolubj, .Akande T, Lonnroth K (2013) A systematic 
review of the number needed to screen to detect a ease of active tuberculosis in 
dilFerent risk groups. Geneva: World Health Organization, .A\'ailable: http:// 
www.who.int/ tb/Review3NNS_casc_active_TB_riskgroups.pdf Accessed 201 3 
October 1. 

1 7. Rieder H (2004) What is the role of case detection by periodic mass radiographic 
examination in TB control? In: Frieden T, Toman's Tuberculosis: Case 
detection, treatment, and monitoring: questions and answers (2°" edition). 
Geneva: World Health Organization, pp, 72—79, 

18. Krivinka R, Drapela J, Kubik ,A, Dankova K, Krivanek J, et al, (1974) 
Epidemiological and clinical study of tuberculosis in the district of KoUn, 
Czechoslovakia. Second report (1965-1972). BuU World Healdi Organ 51: 59- 
69. 

19. Thomas A, Ghandrasekaran V, Joseph P, Rao VB, Patil AB, et al. (2008) 
Increased yield of smear positive pulmonary TB cases by screening patients with 
> or = 2 weeks cough, compared to > or =3 weeks and adequacy of 2 sputum 
smear examinations for diagnosis. Indian J Tuberc 55: 77-83. 

20. Santba T, Garg R, Subramani R, Ghandrasekaran V, Selvakumar N, et al. 
(2005) Comparison of cough of 2 and 3 weeks to improve detection of smear- 
positive tuberculosis cases among out-patients in India, Int J Tuberc Lung Dis 9: 
61-68, 

2 1 . Kranzer K, Afnan-Holmes H, Tomlin K, Golub JE, Shapiro A, et al, (20 1 3) The 
benefits to communities and individuals of screening for active tuberculosis 
disease: a systematic review, lot J Tuberc Lung Dis 17: 432—446, 

22. Dowdy DW, Lotia 1, .Azman .AS, Creswell J, S.ahu S, et .al. (2013) Population- 
level impact of active tuberculosis case finding in an Asian megacity. PLoS ONE 
8:e77517. doi: 10.1371/journal.pone.0077517. 



PLOS ONE I www.plosone.org 



9 



April 2014 | Volume 9 | Issue 4 | e93858 



Evaluating TB Screening in Private Facilities 



23. Arantcs GK. Rufiino-NrTto A (1980) C.^asr-linding in pulmonan,' tuberculosis. 
Photolluorography respiratory symptoms, followed by bacteriological examina- 
tions in suspected cases. Rev Saude Publica 14: 185-193. 

24. AluochJA, Swai OB, Edwards EA, Stott H, Darbyshire JH, et al. (1985) Studies 
of case-finding for pulmonary tuberculosis in outpatients at 4 district hospitals in 
Kenya. Tubercle 66: 237-249. 

25. Ngadaya ES, Mllnanga OS. Wandwalo ER, Morkve O (2009) Detection of 
pulmonar\ tiilicrciilosis among,' patients with cough attending outpatient 
departments in Dar E.s Salaam, Tanzania: does duration of cough matter? 
BMC. Health Ser\- Res 9: 1 12. 

26. Eang MT, Satha P, Yadav RP, Morishita E, NishiJdori N, ct al. (2012) Early 
detection of tuberculosis through community-based active case finding in 
Cambodia. BMC Public Health 12: 469. 

27. den Boon S, Verver Lombard CJ. Bateman ED, Irusen EM, et al. (2008) 
Comparison of symptoms and Irealment outcomes between actively and 
passively detected tuberculosis eases; the additional value of active ease finding. 
Epidemiol Infect 136: 1342-1349. 

28. Storla DO, Yimer S, Bjune GA (2008) A systematic review of delay in the 
diagnosis and treatment of tuberculosis. BMC Public Health 8: 15. 

29. Lienhardt C, Rowley J, Manneh K, Lahai G, Needham D, et al. (2001) Factors 
affecting time delay to treatment in a tuberculosis control programme in a sub- 



Saharan African country: the experience of The Gambia. IntJ Tuberc Lung Dis 

5: 233-239. 

30. Rojpibulstit M, Kanjanaldritamrong J, Chongsuvivatwong V (2006) Patient and 
health system delays in the diagnosis of tuberculosis in Southern Thailand after 
healdi care reform. IntJ Tuberc Lung Dis 10: 422-428. 

31. Hoa NB, Sy DN, Nhung NV, Tiemersma EW, Borgdorff MW, et al. (2010) 
National survey of tuberculosis prevalence in Viet Nam. Bull World Hedth 
Organ 88: 273-280. 

32. Cambodia National Tuberculosis Control Program (2002) National tuberculosis 
prevalence sur\'ey. Phnom Penh: National Tuberculosis Control Program. 

33. Ayles H, Schaap A, Nota A, Sismandis C, Tembwe R, et al. (2009) Prevalence of 
tuberculosis, HIV and respirator^' symptoms in two Zambian communities: 
implications for tuberculosis control in the era of HIV. PLoS ONE 4: e5602. 

34. Ministry of Health, Department of Health, (Government of Myanmar (2011) 
Report on National TB Prevalence Survey 2009-2010, Myanmar. Yangoon: 
Ministry of Health. 

35. Qadeer E, Fatima R, Tahseen S, Samad Z, KaUsvaart N, et al. (2013) 
Prevalence of pulmonary tuberculosis among the adult population of Pakistan. 
Washington: TB CARE 1. Available: http://www.tbcarel.org/reports/reports/ 
Prevalence_of_Pulmonary_TB_Pakistan.zip. Accessed 2013 September 30. 



PLOS ONE I www.plosone.org 



10 



April 2014 | Volume 9 | Issue 4 | e93858 



